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US Produced  
Vanadium Redox Flow Battery for 

Bulk Storage, Peak Shaving  

• 8 MW Hour redox flow battery (1MW 8 hours) 

• To be installed at Painesville Municipal Electric Plant (PMEP), a 32 MW 
coal fired facility 

• Most efficient PMEP operation is steady state at 26 MW (lowest 
emissions, lowest operating cost) 

• Nominal PMEP power demand ranges from 19 MW to 37 MW 

• 8 MW Hour battery to demonstrate benefits of energy storage at 
PMEP 



History of Painesville Power 



Project has Multiple Objectives 

• Establish/Use US Manufacturing Base 

– Stack components/stack fabrication 

– Electrolyte 

– Power Conditioning System 

• Demonstrate Efficacy/Reliability of latest 
Vanadium Redox Flow Battery Design 

• Cost Reduction 

• Platform for Commercially Viable Product 

 



Primary US Based Producers 

• GrafTech International – Plates/Felt 

• Strategic Minerals Corporation – Electrolyte 

• DuPont and/or Other Producers – Membrane 

• Innoventures – Stack Components/Stack  

• American SuperConductor - Inverter 



Project Team 



Original Top Level WBS 



Original Overall Schedule 



Original Improvement Targets 

• Vanadium Electrolyte from 1.75 M to 3.12 M 

• Stack Size from standard 5 kW to 30 kW 

• Power Inverter Efficiency (2% increase) 

• Process System Efficiency (5% increase) 

• Reduced foot print 



Original Battery Layout 



Modular Design  
 

Painesville building block – 5 kw stack 

1 Module below of 100 kw is made up of 20, 5 kw stacks 

Continuous Discharge Rate 

(kW) 

1 Module (100 kW) 

2 Modules (200 kW) 

3 Modules (300 kW) 

10 Modules (1MW) 



Modular Design 
Vanadium Electrolyte Modules  

Painesville Storage time 

The amount of Vanadium Electrolyte dictates storage time in hours 

 

Capacity (kWh) 

250 kWh = 3,000 G 

500 kWh  = 6,000 G 

1 MWH = 12,000 G 



Major Cost Drivers at Start 



Project Risk Analysis 
 

• 10 kW stack prove out and electrolyte pricing are 
key to meeting cost targets 

• Process design schedule confirmation is key to 
meeting building schedule 

• Higher molar electrolyte is key to storage time 
target 

• Process design changes will demonstrate round 
trip efficiency improvements 



Progress To Date 
• Status in Selected Areas 

– 250 watt, 2.5 kW and 10 kW prototypes Fabricated 

– Battery Test Bed System Operational 

– Electrolyte Prototype Production/Conversion Line Complete 

– Target Building Footprint Achieved/Building Site/Design Complete 

– Building Contract Awarded 

– Flow Frame Mold Steel Released for Purchase 

– Various Membranes, Bi-Polar Plates and Felt Tested 

– Improved Flow Frame Design/Fabrication Complete 

– 7 Potential Patents Identified/2 in Process 

• 10 kW Stack Milestone Test to Complete End October 

• Lower Cost Components in Queue for Testing 

 



Cyber Security & Interoperability 

• Cyber Security/Interoperability Plan 
Submitted and Accepted by DOE 

– CISO (Chief Information Security Officer) employed and active 

– Member: NIST Smart Grid Interoperability and Cyber Security 
Working Group (SGIP/CSWG) 

– Program represented at DOE Cyber Security Information Exchange in 
Chicago, Summer 2011 

•  Cyber Security Plan in effect 
– Incident Response Team assembled: contact information posted 

– Administrative team assembled: coordinates with CISO 

– Cyber Security best-practices distributed to team and potential 
vendors 



Cyber Security & Interoperability 
(Continued) 

• Threat Reduction / Risk Analysis 

– Project will be air-gapped from plant SCADA (No Remote Data 

Communications) 

–  Not enough current to cause ripple electrical disturbance at 
PMEP 

– Battery Control System will be locked and secured per 
applicable NERC standards 

–  DOE-approved security policies will be in effect for all 
information systems 

 
 
 



Painesville Municipal Electric Power Plant 

Battery Building Site 





Various Stacks & Prototype Lines 



Project Approach Changed Based on the 
Outcome of Tests on Various Design 

Improvements 



Current Improvement Targets 

• Operational Stack Size from 10 kW to 20 kW 

• 30 kW Prototype Prove Out 

• Power Inverter Efficiency (2% increase) 

• Process System Efficiency (5% increase) 

• Mixed Acid Vanadium Electrolyte 



Current Top Level WBS 



Current Overall Schedule 



Current Battery Layout 



Painesville building block – 20kw stack 

1 Module below of 400 kw is made up of 20, 20kw stacks 

Continuous Discharge Rate 

(kW) 

1 Module (400 kW) 

2 Modules (800 kW) 

2.5 Modules (1 MW) 

Modular Design 
Stack Modules-Higher Power  



Modular Design 
Vanadium Electrolyte Modules-Higher Molarity  

Painesville Storage time 

The amount of Vanadium Electrolyte dictates storage time in hours 

 
Capacity (kWh) 

250 kWh = 2,100 G 

500 kWh  = 4,200 G 

1 MWH = 8,800 G 



Major Cost Drivers at Present 



Distribution of Cost Factors 

• Molded Flow Frames 

• Lower Membrane Costs 

• Graphite-Coated Collector Plates 

• Bonded Felt 

• Composite End Plates 

• 10 kW Stack Prove Out 

• 20 kW Stack Design 

 



Summary/Conclusions 

• Project will complete well ahead of original 
schedule and is currently over budget 

• Test bed confirmation of higher molarity 
electrolyte is key to storage time target 

• Design Improvements have reduced costs 

• Test bed confirmation of process design 
changes will demonstrate round trip efficiency 
improvements 



Future Tasks 

• Complete Operational Testing of Prototypes 

• Building Construction 

• Long Lead Orders on Manufacturing 

Equipment/Components 

• Balance of Plant Final Design 

• Inverter Design Modifications 

• Competitive Bids on Components (all US) 

 

 



Painesville Municipal Electric Power 
Vanadium Redox Battery 
Demonstration Project 

Questions? 


